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.H\ZRUGV(PERGLHG&DUERQ0DVRQU\([WUXGHG%ULFNV6WDELOLVHU

$EVWUDFW%XLOGLQJVDFFRXQWIRUDSSUR[LPDWHO\RQHWKLUGRIWKHWRWDOZRUOGZLGHHQHUJ\HPLVVLRQV
RIZKLFKDSSUR[LPDWHO\DTXDUWHUFDQEHDWWULEXWHGWRWKHHPERGLHGHQHUJ\RIWKHEXLOGLQJ&XUUHQW
8.OHJLVODWLRQIRUORZHQHUJ\KRPHVLVRQO\FRQFHUQHGZLWKRSHUDWLRQDOHQHUJ\(PERGLHGHQHUJ\
DQGFDUERQLVQRWFXUUHQWO\FRQVLGHUHGEXWRYHUWKHGHVLJQOLIHRIDQDYHUDJHEXLOGLQJLVH[SHFWHGWR
PDNHDVLJQLILFDQWFRQWULEXWLRQWRWKHWRWDOZKROHOLIHHQHUJ\XVHG
(DUWKHQ EXLOGLQJPDWHULDOV FRQWULEXWH WR UHGXFH HQHUJ\ FRQVXPSWLRQ LQ XVH WKURXJK WKHLU SDVVLYH
UHJXODWLRQRIWHPSHUDWXUHDQGKXPLGLW\,QDGGLWLRQWKHUHFDQDOVREHVLJQLILFDQWHPERGLHGHQHUJ\
VDYLQJV FRPSDUHG WR RWKHU PDWHULDOV 7UDGLWLRQDO PHWKRGV RI HDUWKHQ FRQVWUXFWLRQ XVLQJ ORFDOO\
VRXUFHGPDWHULDOVDQGPDQXDO ODERXUUHTXLUHPLQLPDOHQHUJ\IRUWKHWUDQVSRUWDQGFRQVWUXFWLRQ$
JUHDWHU XSWDNH RI HDUWK FRQVWUXFWLRQ LV OLNHO\ WR FRPH IURP PRGHUQ LQQRYDWLRQV VXFK DV
LQGXVWULDOLVHG PDQXIDFWXUH  ([WUXGHG ILUHG EULFN PDQXIDFWXULQJ SURFHVVHV KDV WKH SRWHQWLDO WR
SURGXFHDKLJKTXDOLW\ ORZFRVWDQG ORZHQHUJ\SURGXFWVXLWDEOH IRU WKHPDLQVWUHDPFRQVWUXFWLRQ
VHFWRU LQ ERWK GHYHORSHG DQG GHYHORSLQJ QDWLRQV %\ QRW ILULQJ WKH H[WUXGHG FOD\ EULFNV DQ
HPERGLHG HQHUJ\ VDYLQJ RI FDQ EH DFKLHYHG FRPSDUHG WR ILUHG FOD\ DQG FRPSDUHG WR
FRQFUHWHEORFNV
+RZHYHU WKHUH DUH OLPLWDWLRQV WR WKH VWUXFWXUDOXVHRIXQVWDELOLVHGHDUWKEULFNVGXH WR WKH ORVVRI
VWUHQJWK XQGHU KLJK PRLVWXUH FRQWHQW FRQGLWLRQV 7KH XVH RI WUDGLWLRQDO DQG QRYHO VWDELOLVDWLRQ
PHWKRGVFDQEHDGRSWHGWRDGGUHVVWKHFRQFHUQVRYHUVWUHQJWKDQGGXUDELOLW\&HPHQWDQGOLPHDUH
ZLGHO\XVHGLQVRPHFRXQWULHVEXWERWKVLJQLILFDQWO\LQFUHDVHPDWHULDOHPERGLHGHQHUJ\DQGFDUERQ
DQGFDQLQKLELWSDVVLYHKXPLGLW\UHJXODWLRQ7KHSDSHUSUHVHQWVUHVXOWVIURPDVWXG\RIWKHHPERGLHG
HQHUJ\RIYDULRXVVWDELOLVHUVXVHGIRUXQILUHGFOD\PDWHULDOV7KH*OREDO:DUPLQJ3RWHQWLDO*:3
LVDPHDVXUHRI WKHHTXLYDOHQWFDUERQGLR[LGH WKDWDOORZVIRU WKHUHODWLYHZHLJKWLQJVRIGDPDJLQJ
JUHHQKRXVH JDVVHV %RWK WKH HPERGLHG HQHUJ\ DQG WKH *:3 ILJXUHV RI YDULRXV VWDELOLVHUV DUH
FRPSDUHGDQGGLVFXVVHG
7KHFRQFOXVLRQRI WKHZRUNLV WKDW WKHUHLVDPD[LPXPTXDQWLW\RIVWDELOLVHUWKDQVKRXOGEHXVHG
7\SLFDOO\WKHTXDQWLWLHVRIVWDELOLVHUDUHTXRWHGDVWKHDPRXQWWKDWJLYHVWKHPD[LPXPVWUHQJWKEXW
WKLV VKRXOG WDNH DFFRXQW RI QRW RQO\ VWUHQJWK EXW WKH HQYLURQPHQWDO LPSDFW RI DFKLHYLQJ WKH
LPSURYHPHQW
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%\ WKH8.LV ODZIXOO\FRPPLWWHG WR UHGXFLQJFDUERQHPLVVLRQVE\RIOHYHOVDQG
FXUUHQWO\ D TXDUWHU RI WKH JOREDO FDUERQ HPLVVLRQV FDQ EH DWWULEXWHG WR WKH FRQVWUXFWLRQ DQG
RFFXSDWLRQ RI EXLOGLQJ 0HW] DQG 'DYLGVRQ 7KH 8. JRYHUQPHQW KDV UHFRJQLVHG WKLV
FKDOOHQJHDQGKDVVHWWDUJHWVIRUDOOEXLOGLQJVWREHFDUERQQHXWUDOE\ZLWKGRPHVWLFEXLOGLQJV
QHHGLQJ WRPHHW WKLV UHTXLUHPHQW E\  &XUUHQW UHJXODWLRQV IRU FDUERQ QHXWUDO EXLOGLQJV RQO\
DFFRXQW IRU WKH RSHUDWLRQDO HQHUJ\ EXW WKLVPD\ FKDQJH LQ WKH IXWXUH  (PERGLHG HQHUJ\ RI WKH
PDWHULDOVXVHGZLWKLQ WKH FRQVWUXFWLRQ LQGXVWU\ FXUUHQWO\ DFFRXQW IRUEHWZHHQDQGRI D
EXLOGLQJ¶VFDUERQIRRWSULQWDQGWKLVLVSUHGLFWHGWRULVHDVKLJKDVE\6WXUJLV	5REHUWV
DVRSHUDWLRQDOFDUERQGHFUHDVHV
&RQFUHWH SURGXFWLRQ DFFRXQWV IRU DSSUR[LPDWHO\  RI JOREDO &2 HPLVVLRQV %DVKHHU 
:LWKLQWKH8.PLOOLRQPRIFRQFUHWHEORFNVLQFOXGLQJGHQVHOLJKWZHLJKWDQGDHUDWHGEORFNV
ZHUHSURGXFHGGXULQJ%,6+HDWKHWDOVKRZHGWKDWHDUWKFRQVWUXFWLRQFRXOGEH
DGRSWHG DQG XVHG VWUXFWXUDOO\ DV D UHSODFHPHQW IRU FRQFUHWH EORFNV IRU VRPH GRPHVWLF EXLOGLQJV
(DUWKLVWUDGLWLRQDOO\DVVRFLDWHGZLWKKDYLQJDORZHUHQYLURQPHQWDOLPSDFWDQGWKHUHIRUHUHSUHVHQWV
DVLJQLILFDQWSRWHQWLDOVDYLQJZLWKUHVSHFWWRQDWLRQDODQGJOREDOHQYLURQPHQWDOLPSDFW
7KHKHULWDJHRIHDUWKHQDUFKLWHFWXUHZLWKLQWKH8.ODUJHO\HQGHGGXULQJWKHWK&HQWXU\0RUWRQ
:LWKLQWKHSDVWGHFDGHWKHUHKDVEHHQDUHVXUJHQFHRILQWHUHVWLQHDUWKHQFRQVWUXFWLRQODUJHO\
GXHWRHQYLURQPHQWDOFRQFHUQVRIKLJKHPERGLHGHQHUJ\DQGWKH*OREDO:DUPLQJ3RWHQWLDO*:3
RIILUHGEULFNVDQGFHPHQWEDVHGSURGXFWV/DZUHQFHHWDO7KHUHKDVEHHQDJURZLQJERG\
RI UHVHDUFK LQYHVWLJDWLQJYDULRXVHDUWKHQFRQVWUXFWLRQPHWKRGV LQFOXGLQJ UDPPHGHDUWK -DTXLQHW
DO&RPSUHVVHG(DUWK%ORFNV&(%V5HGG\	*XSWDDQGH[WUXGHGHDUWKPDVRQU\
0DVNHOOHWDO
$OWKRXJKDSSUR[LPDWHO\RIWKHZRUOG¶VSRSXODWLRQOLYHLQHDUWKGZHOOLQJV+RXEHQ	*XLOODXG
LWVPDLQVWUHDPDGRSWLRQKDVEHHQFRQVWUDLQHGLQWKH8.7KHORVVRIVWUHQJWKZLWKLQFUHDVLQJ
0RLVWXUH &RQWHQW 0& LV LGHQWLILHG DV OLPLWLQJ WKH DGRSWLRQ RI XQILUHG HDUWK EULFNV LQWR WKH
PDLQVWUHDP FRQVWUXFWLRQ VHFWRU +HDWK HW DO  7KH FRPPRQ UHVSRQVH WR WKH GXUDELOLW\
FRQFHUQV LV WR VWDELOLVH WKH HDUWKZLWK YDULRXV FKHPLFDO DGGLWLYHV7\SLFDOO\ FHPHQW RU OLPH KDYH
EHHQDGGHGWRWKHHDUWK5HGG\	*XSWD:DONHU,QUHFRJQLWLRQRIWKHHQYLURQPHQWDO
LPSDFW RI XVLQJ WKHVH DGGLWLYHV WKHUH KDV EHHQ DQ LQFUHDVH LQ UHVHDUFK IRFXVHG RQ DOWHUQDWLYH
DGGLWLYHV DV ZHOO DV WKH XWLOLVDWLRQ RI ZDVWH DQG E\SURGXFW PDWHULDOV IURP YDULRXV LQGXVWULDO
SURFHVVHV2WLHWDO6DQWRQLHWDO7LQJOHHWDO
7KH DGGLWLRQ RI DQ\ FKHPLFDO RU PHFKDQLFDO SURFHVV PD\ KDYH D GHWULPHQWDO LPSDFW RQ WKH
HPERGLHG HQHUJ\ DQG *:3 7KH *:3 FRQVLGHUV WKH HPLVVLRQ RI JUHHQKRXVH JDVVHV DQG LV D
PHDVXUH RI WKH HTXLYDOHQW FDUERQ GLR[LGH WKDW DOORZV IRU WKH UHODWLYH ZHLJKWLQJV RI GDPDJLQJ
JUHHQKRXVHJDVVHV7KH*:3LVFDOFXODWHGRYHUDWLPHLQWHUYDOW\SLFDOO\\HDUVGXHWR
WKHZD\WKHFRQFHQWUDWLRQRIJDVVHVGHFD\RYHUGLIIHUHQWSHULRGVRIWLPHV$VXPPDU\RIWKHJOREDO
ZDUPLQJSRWHQWLDOIRUGLIIHUHQWJDVVHVLVVKRZQLQ7DEOH)RUWKLVVWXG\ERWKWKHHPERGLHGHQHUJ\
DQG\HDU*:3YDOXHVZLOOEHXVHGIRUDOOFDOFXODWLRQV
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$OWKRXJK WKH HQYLURQPHQWDO LPSDFWRI VWDELOLVDWLRQKDVEHHQFRQVLGHUHGE\2WLHW DO RQO\
5HGG\KDVTXDQWLILDEO\FRQVLGHUHGKRZDVWDELOLVHGHDUWKFRQVWUXFWLRQFRPSDUHVDJDLQVWDQ
HTXLYDOHQW FRQVWUXFWLRQZLWK ILUHG EULFNPDVRQU\ZDOO 7KH VXLWDELOLW\ RI D VWDELOLVHU LV QRUPDOO\
EDVHG RQO\ RQ WKH PD[LPXP FRPSUHVVLYH VWUHQJWK DQG JUHDWHVW GXUDELOLW\ FKDUDFWHULVWLFV
&RQVLGHULQJ WKH LQWHQGHG XVHRI WKH HDUWKHQPDWHULDOZRXOG DOORZ IRUJUHDWHU UHVRXUFH HIILFLHQF\
7KHRSWLPXPDPRXQWRIVWDELOLVHUXVHGFRXOGWKHQEHGHILQHGDVWKHPLQLPXPDPRXQWUHTXLUHGWR
SURYLGHVXIILFLHQWVWUHQJWKDQGGXUDELOLW\
7KLVSDSHUGLVFXVVHVWKHHQYLURQPHQWDO LPSDFWRIYDULRXVPHWKRGVRIVWDELOLVDWLRQ7KHSDSHUZLOO
FRQVLGHU UDPPHG HDUWK &RPSUHVVHG (DUWK %ORFNV &(%V DQG H[WUXGHG HDUWK EULFNV 3HUIRUDWHG
EORFNV DQG EULFNV DUH FRPPRQ LQ PDQ\ (XURSHDQ FRXQWULHV EXW SHUIRUDWLRQV ZLOO FKDQJH PDVV
GHQVLW\DQGQHWFRPSUHVVLYHVWUHQJWK2QO\PRQROLWKLFUDPPHGHDUWKDQGVROLGEORFNVDQGEULFNVDUH
RQO\FRQVLGHUHGIRUHDVHRIFRPSDULVRQDQGFODULW\7KHIRFXVZLOOEHRQWKHHPERGLHGHQHUJ\DQG
*:3UDWKHUWKDQDIXOOOLIHF\FOHDQDO\VLVEHLQJXQGHUWDNHQ
0DWHULDOVDQG0HWKRGV
8QVWDELOLVHG:DOO &RQVWUXFWLRQ $OWKRXJK YHUQDFXODU WHFKQLTXHV VXFK DV DGREH DQG FRE KDYH
GHPRQVWUDWHGWKHSRWHQWLDOIRUHDUWKHQFRQVWUXFWLRQZLGHULPSDFWVDUHOLNHO\WRFRPHIURPPRGHUQ
WHFKQLTXHVWKDWFDQEHHDVLO\DGRSWHGZLWKLQWKHPDLQVWUHDPEXLOGLQJVHFWRU0RGHUQHDUWKPDVRQU\
LQFOXGLQJH[WUXGHGHDUWKEULFNVDQG&(%VKDYHVLJQLILFDQWSRWHQWLDOWREHXVHGZLWKLQPDLQVWUHDP
FRQVWUXFWLRQZKLOHLQWHUHVWIRUUDPPHGHDUWKKDVEHHQSUHGRPLQDQWO\GXHWRWRWKHDHVWKHWLFV
7KHHPERGLHGHQHUJ\DQG*:3DUHW\SLFDOO\H[SUHVVHGSHUXQLWPDVVRUYROXPH7KHVHPDWHULDOV
ZLOO EH XVHG IRU WKH FRQVWUXFWLRQ RI ORDG EHDULQJ ZDOOV WKDW FRXOG KDYH YDU\LQJ WKLFNQHVV DQG
GHQVLW\7REHDEOHWRFRPSDUHWKHHQYLURQPHQWDOLPSDFWLWZRXOGEHRIJUHDWHUXVHWRUHSUHVHQWWKH
LPSDFWZLWKUHVSHFWWRZDOODUHDDVWKLVZRXOGEHWKHFRQVWDQWIRULGHQWLFDOFRQVWUXFWLRQV7DEOH
7KHHQYLURQPHQWDOLPSDFWVRIWUDQVSRUWDWLRQKDYHQRWEHHQLQFOXGHGDVWKLVDOORZVIRUDFUDGOHWR
JDWHDQDO\VLVDQGEHWWHUFRPSDULVRQ
5HGG\DQG.XPDUVWDWHV WKDW WKHUHDUHWKUHHVRXUFHVRIHPERGLHGHQHUJ\ZLWKLQDUDPPHG
HDUWKZDOO 7KHVH LQFOXGH WUDQVSRUWDWLRQPL[LQJ DQG FRPSDFWLRQ RI WKH VRLO ,JQRULQJ WKH HQHUJ\
UHTXLUHGIRUWUDQVSRUWYDOXHVYDULHGIURPWR0-P$OWKRXJKWKHZDOOWKLFNQHVVLQFUHDVHG
IURPPP WR PP UHVSHFWLYHO\ WKH VLJQLILFDQW FRQWULEXWLRQZDV WKH DGGLWLRQRIPHFKDQLFDO
PL[LQJ7KHHQHUJ\IURPFRPSDFWLRQLQERWKFDVHVLV LQVLJQLILFDQWGXHWRPDQXDOSURFHVVHVEHLQJ
XVHG+DPPRQGDQG-RQHVFRQVLGHUHGDQRQVSHFLILFUDPPHGHDUWKFRQVWUXFWLRQDVVXPLQJD
GHQVLW\RINJPZKLFKJLYHVDQHPERGLHGHQHUJ\RI0-PDQG*:3RINJ&2HTP
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
7KHUHLVOLPLWHGGDWDRQWKHHQYLURQPHQWDOLPSDFWVRI&(%V5HGG\DQG-DJDGLVKGLVFXVVHV
WKHHQYLURQPHQWDOLPSDFWRIVWDELOLVHG&(%VDQGFRPPHQWVWKHVLJQLILFDQWSURSRUWLRQVRIHPERGLHG
HQHUJ\ XV DWWULEXWHG WR WKH LQFOXVLRQ RI FHPHQW $VVXPLQJ D OLQHDU UHODWLRQVKLS EHWZHHQ WKH
HPERGLHG HQHUJ\ DQG FHPHQW FRQWHQW DQ XQVWDELOLVHG &(%ZRXOG KDYH DQG HVWLPDWHG HPERGLHG
HQHUJ\RI0-P
7KHPDQXIDFWXULQJSURFHVVRIILUHGFOD\EULFNVSULRUWRILULQJLVDOVRVXLWDEOHZLWKRXWDQ\VLJQLILFDQW
PRGLILFDWLRQIRUWKHSURGXFWLRQRIXQILUHGHDUWKEULFNV0RUWRQGHPRQVWUDWHGWKDWWKHUHLVDQ
VDYLQJLQHPERGLHGFDUERQFRPSDUHGWRFRQYHQWLRQDOILUHGEULFNV
7DEOH  VKRZV KRZ FRQYHQWLRQDO PHWKRGV RI ZDOO FRQVWUXFWLRQ LQFOXGLQJ ILUHG FOD\ EULFNV
$XWRFODYHG$HUDWHG&RQFUHWH$$&EORFNVDQGGHQVHFRQFUHWHEORFNVFRPSDUHVZLWKHDUWKHQZDOO
FRQVWUXFWLRQV9DOXHVRIFRQYHQWLRQDOPHWKRGVDUHSURYLGHGWKURXJKWKHXVHRIWZRGDWDEDVHVWKDW
DUHUHIHUUHGWRDV,&(+DPPRQGDQG-RQHVDQG(FRLQYHQW+LVFKLHUHWDO$OWKRXJK
WKHUHZLOOEHDUDQJHRIYDOXHVWKDWZLOOGHSHQGRQWKHDVVXPSWLRQVPDGHWKHVHDYHUDJHUHVXOWVDUH
PHDQW WR EH FRQVLGHUHG LQGLFDWLYHO\ UDWKHU WKDQ SUHFLVH TXDQWLWLHV $OORFDWLRQ KDV QRW EHHQ
FRQVLGHUHG IRU WKLV VWXG\ DOWKRXJK GHSHQGLQJ RQ WKH W\SH RI DOORFDWLRQ IRU H[DPSOH PDVV RU
HFRQRPLFWKHUHFDQEHVLJQLILFDQWYDULDELOLW\ZLWKUHVSHFWWRWKHHPERGLHGHQHUJ\DQG*:3+DEHUW
HW DO  'HVFULSWLRQV RI WKH YDULRXV PHWKRG RI DOORFDWLRQ XVHG IRU WKH ,&( DQG (FRLQYHQW
GDWDEDVHV FDQ EH IRXQG LQ +DPPRQG DQG -RQHV  DQG )ULVFKNQHFKW HW DO   :KHUH
VWDQGDUG YDOXHV DUH DVVXPHG D UDQJH RI ZDOO WKLFNQHVVHV DUH XVHG WR FDOFXODWH WKH HIIHFW RQ WKH
HQYLURQPHQWDOLPSDFW
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$VVKRZQLQ7DEOHWKHUHLVEURDGDJUHHPHQWZLWKWKH,&(DQG(FRLQYHQWGDWDEDVHVZLWKWKLFNHU
PPHDUWKZDOOVDSSURDFKLQJ WKHYDOXHV IRUPPFRQFUHWHEORFNV7KHYDOXHV IRU UDPPHG
HDUWKIURP5HGG\DQG.XPDUYDU\FRQVLGHUDEO\IURPWKH,&(GDWDEDVHPRVWOLNHO\EHFDXVH
RI WKHPDQXDO FRPSDFWLRQ DQGPL[LQJDVVXPHGE\5HGG\DQG.XPDU  7KH ,&(GDWDEDVH
YDOXHVDUHEDVHGRQPRUHJHQHUDOFRPSDFWHGVRLODQGDUHQRWVSHFLILFWRWKHUDPPHGHDUWKSURFHVV
DQGDOOUHVXOWVDQGFRQFOXVLRQVIRUUDPPHGHDUWKVKRXOGEHFRQVLGHUHGZLWKWKHYDULDELOLW\LQLQSXW
GDWD,QWKLVZRUNWKHUHZDVQRDOORFDWLRQRIHQHUJ\IRUODERXUEDVHGFRQVWUXFWLRQEXWWKLVDVSHFWLV
KLJKO\FRQWHQWLRXVDQGEH\RQGWKHVFRSHRIWKLVSDSHU
6WDELOLVDWLRQ0HWKRGV6WDELOLVDWLRQRIIHUVDPHWKRGRI LPSURYLQJWKHLQKHUHQWSURSHUWLHVRIVRLO
7\SLFDOO\ VWDELOLVDWLRQ LV XVHG WR LQFUHDVH WKH FRPSUHVVLYH VWUHQJWK +HDWK HW DO 
GHPRQVWUDWHGWKHVWUXFWXUDOSRWHQWLDOIRUWKHHDUWKHQFRQVWUXFWLRQRIPPWKLFNEULFNVWRUHPDLQ
XQVWDELOLVHG ZKHQ FRQVLGHULQJ W\SLFDO FRQGLWLRQV $OWKRXJK WKH XQLWV RQO\ KDG D FRPSUHVVLYH
VWUHQJWKRI1PPVLPLODUWR$$&EORFNVZLWKDFRPSUHVVLYHVWUHQJWKRI1PP(XURSHDQ
GHVLJQFRGHVZHUHXVHGWRGHPRQVWUDWHWKHVXLWDELOLW\IRUDWZRVWRU\GRPHVWLFKRXVH
8QGHU H[WUHPHPRLVWXUH FRQGLWLRQV ZKHUH WKHVH EULFNV XQGHUJR IXOO VDWXUDWLRQ E\ VXEPHUVLRQ LQ
ZDWHU WKHEULFNV ORVHDOO VWUHQJWKDQGGLVLQWHJUDWH 0DVNHOOHWDO)XOOVXEPHUVLRQPD\EH
FRQVLGHUHG DV WRR KDUVK DQG QRW UHSUHVHQWDWLYH RI LQVHUYLFH FRQGLWLRQV 7HVWLQJ XQGHU WKLV
FRQGLWLRQV ZLOO JLYH FRQILGHQFH DV VDWXUDWHG SHUIRUPDQFH RI HDUWK PDVRQU\ UHPDLQV RQH RI WKH
JUHDWHVWEDUULHUVWRFRPPHUFLDODGRSWLRQ0DVNHOOHWDO3URYLGLQJWKDWWKHZDOOFDQUHVLVWDQ
DSSOLHG WRWDO ORDGRIN1P WKH MXVWLILFDWLRQRI VWDELOLVDWLRQ LV WKHUHIRUHQRW WR LQFUHDVH WKHGU\
FRPSUHVVLYH VWUHQJWK EXW WR LQFUHDVH WKH GXUDELOLW\ VR WKDW VXIILFLHQW VWUHQJWK LV DFKLHYHG XQGHU
WKHVHµZHW¶FRQGLWLRQV
7KHUH LV LQWHUGHSHQGHQF\ EHWZHHQ WKH VRLO DQG VWDELOLVHU ZLWK UHJDUGLQJ WR WKH TXDQWLW\ WKDW FDQ
DFKLHYHDPD[LPXPFRPSUHVVLYHVWUHQJWK%XUURXJKVFRQGXFWHGDFRPSUHKHQVLYHVWXG\RI
WKHVRLOSURSHUW\FULWHULDVXLWDEOH IRUVWDELOLVDWLRQ LQ UDPPHGHDUWKDSSOLFDWLRQ7KHILQGLQJVVKRZ
WKDWWKHUHLVDQRSWLPXPSDUWLFOHVL]HGLVWULEXWLRQDQGSODVWLFLW\LQGH[IRUVRLOWREHVWDELOLVHG7KH
VWDELOLVHU ZLOO DIIHFW WKH SK\VLFDO SURSHUWLHV RI WKH VRLO LQFOXGLQJ WKH PD[LPXP GU\ GHQVLW\ DQG
$WWHUEHUJ OLPLWV $V VXFK WKLV ZLOO DIIHFW WKH HQHUJ\ IRU UDPPLQJ 5HGG\  DQG H[WUXVLRQ
7KHUHDUHDGGLWLRQDOFRQFHUQVZLWKUHJDUGVWRWKHKDQGOLQJRIFHUWDLQFDXVWLFFKHPLFDOVDVZHOODVWKH
VHWWLQJ WLPH HVSHFLDOO\ZKHQ H[WUXGHG&RQVLGHUDWLRQ RI WKHVH IDFWRUVZLOO LQIRUP WKH DPRXQW RI
DGGLWLYHUHTXLUHGZKLOHDQDSSUHFLDWLRQRIWKHHQYLURQPHQWDOLPSDFWZLOOLQIRUPLIDOWHUQDWLYHVDUH
PRUHDSSURSULDWH
7KH VWDELOLVDWLRQ PHFKDQLVP RI FHPHQW DQG OLPH LV YHU\ VLPLODU LQYROYLQJ FDWLRQ H[FKDQJH DQG
SR]]RODQLFUHDFWLRQVZLWKFHPHQWKDYLQJDQDGGLWLRQDOFHPHQWLWLRXVK\GUDWLRQSKDVH7KHIRFXVRI
UHFHQWUHVHDUFKKDVEHHQWKHXWLOLVDWLRQRILQGXVWULDOE\SURGXFWVVXFKDV*URXQG*UDQXODWHG%ODVW
IXUQDFH6ODJ**%6DQGIO\DVK2WLHWDO
*HRSRO\PHUV DUH D QRYHO FODVV RI ELQGHUV DQG FDQ EH XVHG DV DQ DOWHUQDWLYH WR FHPHQW 7KUHH
GLPHQVLRQDOLQRUJDQLFSRO\PHUVDUHIRUPHGWKURXJKWKHUHDFWLRQRIDOXPLQRVLOLFDWHZLWKDQDONDOLQH
VROXWLRQ1DWXUDOFOD\PLQHUDOVWKDWDUHDEXQGDQWLQDQHDUWKHQFRQVWUXFWLRQDUHPDGHXSRIVKHHWV
RIVLOLFDWHVDQGDOXPLQLXPDQGSURYLGHDSRWHQWLDOVRXUFHIRUWKHJHRSRO\PHUV7KHVHFOD\PLQHUDOV
DUHDFWLYDWHGWKURXJKXVLQJVRGLXPRUSRWDVVLXPK\GUR[LGHDQGRUVRGLXPVLOLFDWHV
+HDWK HW DO  VXPPDULVHG WKH EHQHILFLDO HQYLURQPHQWDO LPSDFW WKDW JHRSRO\PHUV EDVHG
FRQFUHWH KDV FRPSDUHG WR FRQFUHWH EDVHG RQ 3RUWODQG FHPHQW $OO RI WKH VWXGLHV VKRZ WKDW WKH
DONDOLQH DFWLYDWRU LV WKHNH\ FRQWULEXWRU WR WKH HQYLURQPHQWDO LPSDFWRI WKH FRQFUHWH+HDWK HWDO
FRPPHQWVWKDWWKHPDLQFRQWULEXWRUWRWKHHQYLURQPHQWDOLPSDFWRIWKHDFWLYDWRUVLVGXHWR
WKHHOHFWULFLW\GHPDQGDQGWKHUHIRUHFRXOGEHUHGXFHGGHSHQGLQJRQHQHUJ\JHQHUDWLRQ
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
)LJXUHVKRZVGDWDWKHHQYLURQPHQWDOLPSDFWRIWKHYDULRXVDGGLWLYHVGLVFXVVHGDERYH9DOXHVDUH
H[SUHVVHGZLWKUHVSHFWWRWKHPDVVRIWKHDGGLWLYH

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
E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)LJXUH(QYLURQPHQWDOLPSDFWIRUGLIIHUHQWDGGLWLYHV
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(QYLURQPHQWDO,PSDFW$QDO\VLV
7KHHQYLURQPHQWDOLPSDFWVRIVWDELOLVHGHDUWKHQZDOOFRQVWUXFWLRQFDQEHFRQVLGHUHGZLWKUHVSHFWWR
7DEOHDQG)LJXUH7KHIRFXVRIWKLVVWXG\LVRQWHFKQLTXHVWKDWFDQEHDGRSWHGLQWRODUJHVFDOH
SURGXFWLRQ DQG PDLQVWUHDP FRQVWUXFWLRQ )RU WKH 8. FOLPDWH WKLV PHDQV WKDW WKHUH LV PLQLPXP
UHOLDQFH RQ ODERXU DQG WKHUHIRUH PHFKDQLVHG IRUPV RI FRQVWUXFWLRQ ZLOO EH WKH IRFXV RI WKH
HQYLURQPHQWDOLPSDFWDQDO\VLV
)URP7DEOH LW LVFOHDU WKDWGHQVHFRQFUHWHEORFNZRUNKDV WKH OHDVWHQYLURQPHQWDO LPSDFWRI WKH
FRQYHQWLRQDO DQG W\SLFDOO\ SHUFHLYHG KLJK LPSDFWPDWHULDOV7KHUHIRUH IRU DQ\ DOWHUQDWLYH HDUWKHQ
EDVHG WREHHQYLURQPHQWDOO\EHQHILFLDOQHLWKHU WKHHPERGLHGHQHUJ\QRU WKH*:3FDQEHJUHDWHU
WKDQWKHUHVSHFWLYHYDOXHVIRUWKHPPWKLFNGHQVHFRQFUHWHEORFNZRUN
7KHYDOXHVRIWKHHQYLURQPHQWDOLPSDFWVRIWKHGLIIHUHQWVWDELOLVHUVDVJLYHQLQ)LJXUHKDYHEHHQ
XVHG:KHUHWKHUHDUHPXOWLSOHYDOXHVIRUDQ\JLYHQVWDELOLVHUWKHYDOXHVSURYLGHGE\WKH(FRLQYHQW
GDWDEDVH+LVFKLHUHWDOKDYHEHHQXVHG7KHYDOXHVZHUHFRQVLGHUHGWREHPRUHJHQHUDODQG
OHVV VSHFLILF WR WKH8.)URP LQVSHFWLRQRI7DEOHVDQG LW LV FOHDU WKDW WKHUH LVQRW VLJQLILFDQW
YDULDWLRQZLWKUHVSHFWWRWKHYDOXHVJLYHQ
7KHDQDO\VLVRQO\FRQVLGHUVWKHHQYLURQPHQWDOLPSDFWRIWKHEXLOGLQJPDWHULDOVDVJLYHQLQ7DEOH
)RUWKHPDVRQU\HOHPHQWVWKHUHZRXOGEHDQHQYLURQPHQWDOLPSDFWIRUWKHPRUWDURIWKHXQLWV7KLV
LVLJQRUHGZLWKUHVSHFWWRWKHFDOFXODWLRQV
5HVXOWVDQG'LVFXVVLRQ
7KHPD[LPXPHPERGLHGHQHUJ\DQG*:3FDQQRWH[FHHGWKHYDOXHVRIGHQVHFRQFUHWHEORFNZRUN
IURP HLWKHU WKH ,&( RU (FRLQYHQW GDWDEDVH  0-P DQG  &2HTP UHVSHFWLYHO\ 7KLV
GHWHUPLQHVERWKWKHPD[LPXPDOORZDEOHZDOOWKLFNQHVVDQGDPRXQWRIVWDELOLVHUIRUDQ\JLYHQZDOO
WKLFNQHVV ,W LV LPSRUWDQW WR FRQVLGHU WKDW WKH FDOFXODWLRQVSUHVHQWHGEHORZDUHEDVHGRQGDWD VHWV
ZKLFKKDYHDQLQKHUHQWYDULDELOLW\$VVXFKWKHGDWDSUHVHQWHGVKRXOGEHFRQVLGHUHGLQGLFDWLYHDQG
DSSUR[LPDWH UDWKHU WKDQ DEVROXWH 6HQVLWLYLW\ DQDO\VLV KDV EHHQ XQGHUWDNHQ WKDW GLVFXVVHV WKH
SRWHQWLDOYDULDELOLW\
(IIHFW RI ZDOO WKLFNQHVV7DEOH  VKRZV KRZ WKH HQYLURQPHQWDO LPSDFW FKDQJHV IRU LQFUHDVLQJ
WKLFNQHVV RI XQVWDELOLVHG UDPPHG HDUWK DQGH[WUXGHGHDUWKPDVRQU\7KHPD[LPXP WKLFNQHVV IRU
UDPPHGHDUWKDQGH[WUXGHGHDUWKPDVRQU\LVJLYHQLQ7DEOH
7DEOH0D[LPXPZDOOWKLFNQHVVEDVHGRQHPERGLHGHQHUJ\
:DOO&RQVWUXFWLRQ 0D[LPXP:DOO
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7KHPD[LPXPZDOOWKLFNQHVVRIWKHHDUWKHQZDOOVLVGHWHUPLQHGE\HTXDOLVLQJWKHHPERGLHGHQHUJ\
WR0-PWKHYDOXHIRUGHQVHFRQFUHWHEORFNV7KHFDOFXODWHG*:3EDVHGRQWKHVHPD[LPXP
ZDOO WKLFNQHVVHV DUH SURYLGHG 7KHVH ZDOOV UHPDLQ XQVWDELOLVHG DQG FRQFHUQV RYHU VWUHQJWK DQG
GXUDELOLW\ UHPDLQ 7KH XQVWDELOLVHG UDPPHG HDUWK DQG H[WUXGHG HDUWK PDVRQU\ ZRXOG UHTXLUH D
PLQLPXPVWUHQJWKRI1PPDQG1PP UHVSHFWLYHO\:KLOH WKHVH VWUHQJWKVDUH IHDVLEOH
ERWKZDOOVZLOOORRVHDOOVWUHQJWKXQGHUKLJKPRLVWXUHFRQWHQWVDQGVDWXUDWLRQ
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
7KHVHZDOOWKLFNQHVVHVDUHGHSHQGHQWRQDVVXPSWLRQVDERXWWKHGHQVLW\RIHDUWKHQFRQVWUXFWLRQDQG
WKHYDOXHVRIHPERGLHGHQHUJ\DQG*:36HQVLWLYLW\DQDO\VLVZDVXQGHUWDNHQEDVHGRQFKDQJLQJ
WKHVHYDULDEOHVE\±RIWKHYDOXHVJLYHQLQ7DEOH7KHPD[LPXPZDOOWKLFNQHVVDVJLYHQLQ
7DEOHFRXOGFKDQJHXSWR±RIWKHYDOXHVJLYHQ
(IIHFW RI VWDELOLVHU FRQWHQW 7KH DGGLWLRQ RI DQ\ DPRXQW RI VWDELOLVHU PD\ KDYH D GHWULPHQWDO
HQYLURQPHQWDOLPSDFW7KHPD[LPXPZDOOWKLFNQHVVDVJLYHQLQ7DEOHZLOOKDYHWREHUHGXFHGWR
DOORZIRUVWDELOLVDWLRQDGGLWLYHV$ZDOOWKLFNQHVVRIPPIRUWKHHDUWKHQZDOOVZLOOEHDVVXPHG
7KLV LVDFRPSDUDEOHWKLFNQHVVWRFRQYHQWLRQDOPDVRQU\DQGZRXOGWKHUHIRUHEHPRUHOLNHO\WREH
DGRSWHGLQWRFRQWHPSRUDU\FRQVWUXFWLRQ
%DVHGRQWKHPPWKLFNQHVVDQGDVVXPLQJWKHGHQVLWLHVGRQRWVLJQLILFDQWO\FKDQJHZLWKDGGLWLYH
DGGLWLRQ WKH PD[LPXP DPRXQW RI DGGLWLYH FDQ EH FDOFXODWH DQG LV SUHVHQWHG LQ 7DEOH   7KH
PD[LPXP DGGLWLYH FRQWHQW LV GHWHUPLQHG E\ HTXDOLVLQJ WKH HPERGLHG HQHUJ\ WR 0-P 7KH
DGGLWLYHLVTXDQWLW\LVH[SUHVVHGDVDSHUFHQWDJHRIWKHPDVVRIGU\VRLO$OWKRXJKWKHHQYLURQPHQWDO
LPSDFWVRI**%6DQG)O\$VKZHUHSURYLGHGLQ)LJXUHWKHUHPD[LPXPDPRXQWRIWKDWFRXOGEH
XVHG KDV QRW EHHQ FDOFXODWHG 7KHVH DGGLWLYHV DORQHZRXOG QRW EH DEOH WR VWDELOLVH HDUWK EXW DUH
W\SLFDOO\XVHGDVFHPHQWUHSODFHPHQWV&DOFXODWLRQVIRUYDULRXVEOHQGVKDYHQRWEHHQSUHVHQWHGKHUH
EXWLWLVFOHDUWKDWXVLQJWKHVHDGGLWLYHVLQEOHQGVZRXOGUHGXFHWKHHQYLURQPHQWDOLPSDFWRUDOORZ
IRUPRUHRIWKHSULPDU\VWDELOLVHUWREHXVHG
7KHVHDGGLWLYHFRQWHQWVDUHGHSHQGHQWRQDVVXPSWLRQVDERXWWKHGHQVLW\RIHDUWKHQFRQVWUXFWLRQDQG
WKHYDOXHVRIHPERGLHGHQHUJ\DQG*:36HQVLWLYLW\DQDO\VLVZDVXQGHUWDNHQEDVHGRQFKDQJLQJ
WKHVH YDULDEOHV E\ ±  RI WKH YDOXHV JLYHQ LQ 7DEOH  DQG )LJXUH  7KH PD[LPXP DGGLWLYH
FRQWHQWDVJLYHQLQ7DEOHFRXOGFKDQJHXSWR±RIWKHYDOXHVJLYHQ
7KHPD[LPXPDGGLWLYH FRQWHQWV DVJLYHQ LQ7DEOHZRXOGQHHG WREH VXIILFLHQW IRU WKH UHTXLUHG
VWUHQJWKDQGGXUDELOLW\WREHRISUDFWLFDOXVH,WLVOLNHO\WKDWWKHGHQVHFRQFUHWHEORFNZRUNWKDWZDV
XVHGIRUWKHDQDO\VLVZLOOKDYHJUHDWHUVWUHQJWKDQGGXUDELOLW\SURSHUWLHV7KHUHDUHVLJQLILFDQW*:3
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